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NASA Science Mission Directorate — Applied Sciences Program

Ecological Forecasting Program Element Plan: FY 2005 - 2009

I. Purpose and Scope

This plan describes the goals and direction of the Ecological Forecasting Program Element for
fiscal years (FY) 2005 through 2009 by detailing the purpose of the program and our strategy to
fulfill the Ecological Forecasting mission with the resources available. The plan describes the
program’s scope, including NASA’s role in partnerships, the focus on decision support tools, and
the types of science research results we seek to extend. Within the Earth-Sun System Division,
this plan functions as a program management tool, describing the program structure, functional
mechanisms, performance measures, and general principles that the Ecological Forecasting
activity will follow. The plan includes projects in which scientific research results can be
applied to decision making with related socioeconomic benefits.

The Ecological Forecasting Program Element is one of twelve elements in the Science Mission
Directorate Applied Sciences Program. NASA and the Applied Sciences Program collaborate
with partner organizations to enable and enhance the application of NASA’s scientific research
results to serve national priority policy and management decision support tools. The desired
outcome is for partner organizations to use project results, such as prototypes and benchmark
reports, to enable expanded use of Earth-Sun science products and enhance their decision support
capabilities.

Ecological forecasting is an important scientific paradigm for the 21* Century. It uses Earth
observation data and models to predict the impacts of environmental change on the ecosystems
that support the existence of life on Earth. It also links the physical world of climate and
geology to the living world of biology and ecology. As the Committee on Environment and
Natural Resources (CENR) of the President’s National Science and Technology Council said in
its call for improved ecological forecasts, “Ecological forecasts predict the effects of biological,
chemical, physical, and human-induced changes on ecosystems and their components.” Indeed,
ecological forecasting requires a scientific synthesis across the domains of physics, geology,
chemistry, biology, and psychology. The goal is reliable forecasts that allow decision makers
access to science-based tools in order to project changes in living systems. These forecasts
should incorporate knowledge of uncertainties and estimates of error and allow those making
decisions to compare the outcomes of alternative policies. Analogues from the physical sciences
include short-term weather forecasts and longer-term predictions of climate phenomena, such as
El Nino events.

From the perspective of the NASA Applied Sciences Program, such forecasts are important to
those attempting to promote economic growth while still sustaining the natural ecosystems that
provide us with cost-free services, such as clean air, fresh water, fertile soils, biodiversity, and
the removal of waste products. Forecasts allow planners, developers, and resource managers to

! Committee on Environment and Natural Resources. Ecological Forecasting: Agenda for the Future. available on-
line at: (http://www.nbii.gov/about/pubs/efbrochure/index.html)
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project the impacts to ecosystems of their actions, as well as the effects of other phenomena such
as major storm events. Ecological models ingest data resulting from NASA research
observations and measurements and generate forecasts for decision support systems (DSS)
developed by NASA’s partners. These models span spatial scales from molecular to global and
assimilate information across long time scales to hone and test the accuracy of predictions.
There are limits to the forecasts but discovering the reasons for these limits enhances our overall
understanding of the ecosystems involved. NASA is currently involved in both international and
domestic partnerships under the Ecological Forecasting Program Element.

A topic as broad as ecological forecasting requires the establishment of priorities. An
overarching priority for the Ecological Forecasting Program Element is the growing number of
DSS addressing the conservation of biodiversity. These decision support tools are proliferating
in the government, not-for-profit, academic, and private sectors. This proliferation is at least
partly in response to concerns raised by researchers that extinction rates for known groups of
organisms now equal those occurring during mass extinction events documented in the geologic
record. The World Conservation Union (IUCN) has been tracking the status of species and
populations threatened with extinction for the past four decades. Current summary statistics in
the TUCN Red List of Threatened Species® show growing numbers of threatened and endangered
species in the best-studied groups. Biodiversity loss is a global change of particular urgency as
lost species and ecosystems cannot be recovered. Under this overarching priority, the following
criteria help establish which potential partnerships are appropriate for NASA support.

* Presence of a partner institution with an existing or planned DSS, which is able to accept
or adapt NASA’s observations and forecasts resulting from research and development

* Importance of the ecosystem services involved (e.g., priority locations might be those
especially rich in biodiversity or vital to the maintenance of fresh water or healthy
fisheries)

* Existence of a NASA research program that allows the extension of Earth-Sun science
research results into DSS of particular user communities

Currently, the Ecological Forecasting Program Element focuses on supporting DSS for the
following project activities:

* Regional-scale sustainable conservation and development, e.g.: ongoing work in Central
America;

* Management of protected areas, such as national parks, reserves, and refuges; and,

* Management of marine fisheries.

Integrated Systems Solutions:

NASA’s approach to ecological forecasting for decision support builds upon Earth-Sun science
research results. These results are typically data sets or models derived from observations of the
Earth system acquired through various research and analysis program activities. For Ecological
Forecasting, relevant observations include those of the land surface, oceans, and atmosphere, as

2 available on-line at: (http.//www.redlist.org/)
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well as measures of topography, primary productivity, vegetation structure, and soils. NASA
and/or its partners then apply these data to ecological and other models. The models generate
predictions for DSS of partner organizations. The DSS, in turn, produce positive value and
benefits for society. (See Appendix A for the Integrated Systems Solutions diagram for
Ecological Forecasting.)

Scope within NASA and Applied Sciences Program

The Ecological Forecasting Program Element is managed in accordance with, and is
guided by, the NASA Strategic Plan and Earth Science Enterprise Strategy. The
program element benefits from Earth-Sun system science results and capabilities
including Operation System Simulation Experiments (OSSEs), Project Columbia, the
Joint Center for Satellite Data Assimilation (JCSDA), the Earth-Sun System Gateway
(ESG), and the Transition from Research to Operations (R20). The program element
utilizes initiatives such as the Global Information Grid (GIG) and Federal Enterprise
Architecture (FEA) and cooperates with national Earth-Sun laboratories and
international programs.

The FY05 President’s Budget for the NASA Applied Sciences Program* specifies
$54M annually for FY05-FY09 for the National Applications ($24M) and
Crosscutting Solutions ($30M) activities. While directly managing a subset of the
$24M National Applications budget, the Ecological Forecasting Program Element
(and each of the national applications) benefits from the performance results of the
$30M budget for Crosscutting Solutions (see Crosscutting Solutions Program Element
Plan). The Ecological Forecasting Program Element leverages and extends research
results from the approximately $2.1B per year supporting Earth-Sun system science
research and development of innovative aerospace science and technology.

Additional information about the NASA Applied Sciences Program can be found at
http://science.hqg.nasa.gov/earth-sun/applications.

* The National Applications and Crosscutting Solutions components of the Earth Science
Applications Theme in the NASA FY05 Integrated Budget & Performance Document
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II. Goals and Objectives
The goal of the Ecological Forecasting Program Element is:

To extend NASA Earth-Sun science results to support our partners’ development of
operational ecological forecasting systems for sustainable development.

Ecological Forecasting addresses the first elements of the NASA vision statement: to improve
life here and the agency’s mission: fo understand and protect our home planet. 1t directly
addresses the overarching goal of the Applied Sciences Program: to bridge the gap between
Earth system science research results and the adoption of data and prediction capabilities for
reliable and sustained use in decision support. The Ecological Forecasting Program Element
draws upon the Science Mission Directorate’s research program for its Earth observation data.
The models, which are the sine qua non of ecological forecasting, arise from the research
program, the efforts of our partners, and other research activities. The Applied Sciences
Program supports the integration of observation data and models into decision support tools.
The Ecological Forecasting Program Element works with NASA’s partners to enable DSS that
will prove useful to decision makers, resource managers, and members of the general public
concerned with the impacts of natural and human-induced environmental changes on living
systems. Specific areas of focus for DSS are: regional scale conservation and development
efforts (e.g., the Mesoamerican Biological Corridor), the management of protected areas in the
U.S. and abroad, and the management of marine fisheries.

III. Decision Support Tools

Regional Visualization and Monitoring System for Mesoamerica (SERVIR):

Since 1999, NASA has worked with Central American partners to support their development of
the Mesoamerican Biological Corridor (MBC). Located at the junction of North and South
America and characterized by significant changes in elevation, Central America is a biological
crossroads with seven to eight percent of the planet’s biodiversity in less than one half of one
percent of its land mass. In addition, off its shores lies the second largest system of coral reefs
on the planet. In 1997, the leaders of the seven nations of Central America (Belize, Costa Rica,
El Salvador, Guatemala, Honduras, Nicaragua, and Panama) announced an unprecedented
multinational effort to integrate their conservation efforts across international boundaries and
promote sustainable development throughout the region. The MBC is a series of national parks,
other protected areas, and lands subject to special management regimes extending from southern
Mexico to the Colombian border. NASA has partnered with the U.S. Agency for International
Development (USAID), the World Bank, and the Central American Commission for
Environment and Development (CCAD) to promote the development of a Regional Visualization
and Monitoring System known as SERVIR. SERVIR will operate a series of nodes located in
the U.S. and each of the Central American countries. Through it, Central American managers
can use observational spacecraft imagery to detect wild fires and major changes in land cover,
track rainfall and weather patterns, and monitor coastal margins and coral reefs throughout the
region. Models can help users understand the poorly known connection between changes in land
cover and climate variation. SERVIR combines observational spacecraft imagery from the
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TRMM, Terra, Aqua, OrbView-2, and Landsat spacecrafts with environmental and
socioeconomic data by means of a geographic information system. It also generates
visualization products for decision makers and the public. NASA is funding SERVIR through an
award under the Research, Education and Applications Solutions Network (REASoN)
Cooperative Agreement Notice (CAN).

Protected Area Management (PAM):

PAM is an umbrella designation covering several DSS under development by NASA’s
institutional partners. A shared focus on providing decision support tools for managers of
national parks and other protected areas links these DSS. World population is expected to
increase 50 percent by 2050, resulting in escalating demands for ecosystem services by
approximately 9 billion people. Protected areas are increasingly important for the conservation
of biodiversity. They are also vital for the maintenance of other ecosystem services, such as
fully functioning watersheds. In addition, protected areas provide direct economic benefits to
surrounding communities. The U.S. National Park Service (NPS) estimates that expenditures
and job creation in and around U.S. protected areas have economic impacts equivalent to $10.6
billion per year (estimate derived for 2001 from National Park Service Money Generation Model
2).

Marine Fisheries Forecasting (MFF):

The U.S. National Oceanic and Atmospheric Administration (NOAA) is exploring the
integration of remote sensing data into marine fisheries models. NASA is funding research
efforts along these lines. @A DSS for forecasting marine fisheries must link physical
oceanography and climate data with ecosystem models to understand the effects of climate
oscillations on certain coastal and pelagic fisheries. Many fisheries around the world are in
decline. Fisheries managers can use knowledge of the drivers of marine productivity, gained
from remote sensing, to improve sustainable fisheries management. MFF leverages progress
being made in several research projects funded under the Interdisciplinary Science in the NASA
Earth Science Enterprise solicitation. Relevant research projects focus on modeling the impacts
of climate events (e.g., El Nino), fishing pressure, and other ecological disturbances on
ecosystems and species distributions. This work may lead to a partnership between the
Ecological Forecasting and Coastal Management Program Elements.
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IV. Program Management, Project Management and Partners

Management Assignments

A. Program Manager
Mr. Woody Turner
Earth-Sun System Division
Science Mission Directorate
NASA Headquarters
Washington, DC 20546-0001

Responsibilities:

Program development, including program plans and budgets

Development of and implementation of interagency agreements and partnerships
with other organizations

Development and implementation of solicitations for Ecological Forecasting
Program tasks

Primary responsibility for metrics, performance goals and other performance
evaluation criteria

Liaison for relevant U.S. Government interagency initiatives, e.g.: the U.S.
Climate Change Science Program (CCSP), the Global Earth Observation System
of Systems (GEOSS)—particularly its societal benefit areas of ecosystems and
biodiversity, the Congo Basin Forest Partnership (CBFP) and President’s
Initiative Against Illegal Logging, etc.

B. Project Manager for SERVIR

Mr. Daniel Irwin

NASA National Space Science and Technology Center (NSSTC)
320 Sparkman Drive

Huntsville, AL 35805

Responsibilities:

Coordination of activities of project partners
Development of metrics for project success

Meeting project milestones

Management of project laboratory at NASA NSSTC
Coordination with primary project facility in Panama
Presentations on project to audiences around the world

C. Project Manager for PAM
Dr. Gary Geller

M/S: 171-264

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109-8099

3/16/2005
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Responsibilities:

* Exploring and evaluating the remote sensing needs of protected area managers
and other conservation practitioners in potential partner organizations

* Identifying solutions that leverage remote sensing to address the needs of
protected area managers and other conservation practitioners

* Establishment of project goals, milestones, and other measures of success

¢ Coordination of various activities under this project

D. Project Manager for MFF
Woody Turner (Acting)
NASA Headquarters

Responsibilities:

* Exploring and evaluating the remote sensing needs of marine fisheries managers
and other organizations monitoring fisheries

* Identifying solutions leveraging remote sensing to address these needs

* Establishment of project goals, milestones, and other measures of success

Key Partners:

Ecological Forecasting relates to several other NASA Applied Sciences Program Elements. In
particular, it can draw upon the knowledge gained and the techniques and DSS developed by the
Coastal Management, Invasive Species, Public Health, Water Quality, and Carbon Management
Program Elements. These and other program elements should derive benefits from the models
and decision support tools of Ecological Forecasting.

Key partners and relevant DSS identified under the Ecological Forecasting program element
include (relevant DSS in parentheses):
A. Government agencies and programs:
1) USAID (SERVIR)
2) U.S. Department of Agriculture/U.S. Forest Service (PAM)
3) U.S. Department of State (PAM)
4) U.S. Department of the Interior/U.S. Fish & Wildlife Service, National Park Service,
U.S. Geological Survey (PAM)
5) U.S. Department of Commerce/National Oceanic and Atmospheric Administration
(MFF)
6) U.S. Department of Energy/Oak Ridge National Laboratory (SERVIR)
7) CCSP (SERVIR, PAM, MFF)
8) Interagency Working Group on Earth Observations IWGEO) (SERVIR, PAM, MFF)
B. NASA Centers:
1) Marshall Space Flight Center-MSFC (SERVIR)
2) Ames Research Center-ARC (PAM via Terrestrial Observation and Prediction
System)
3) Jet Propulsion Laboratory-JPL (PAM)
4) Goddard Space Flight Center-GSFC (PAM)
C. Universities:
1) University of Maryland (PAM)
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2) Michigan State University (PAM)
3) California State University Monterey Bay (PAM)
4) University of Washington (PAM)
5) University of Alabama, Huntsville (SERVIR)
6) University of Arkansas (SERVIR)
D. Other Organizations:
1) CCAD (SERVIR)
2) The World Bank (SERVIR)
3) NatureServe (PAM)
4) Conservation International (PAM)
5) World Wildlife Fund (PAM)
6) Wildlife Conservation Society (PAM)
7) The Wilderness Society (PAM)
8) American Museum of Natural History (PAM)
9) Smithsonian Institution’s Conservation and Research Center (PAM)
10) Conservation Biology Institute (PAM)
11) The Nature Conservancy (PAM)
12) United Nations Environment Programme (PAM)
13) GEOSS (SERVIR, PAM, MFF)

V. Application Activities

A. Project Activities

SERVIR:

The past year has been an active one for SERVIR. The Water Center for the Humid Tropics of
Latin America and the Caribbean (CATHALAC), located within Panama’s City of Knowledge (a
former U.S. military base in what was the U.S. Canal Zone), agreed to host the primary node for
SERVIR under the leadership of CATHALAC Director Emilio Sempris. In August 2004, NASA
Tom Sever and Dan Irwin’s team opened the U.S. SERVIR node at the National Space Science
and Technology Center in Huntsville, AL. In the fall of 2004, the NASA team shipped hardware
for the primary Central American node to CATHALAC, where it has been assembled within a
refurbished facility. And in December 2004, the Director of CATHALAC and the Executive
Director of CCAD completed an agreement specifying the roles of each organization within
SERVIR. This agreement also allows other institutions to participate in SERVIR. One
important example is the Inter-American Biodiversity Information Network (IABIN). Located in
the same facility as SERVIR, IABIN is a clearinghouse for regional biological information. Its
participation should foster ecological forecasting within SERVIR by enhancing access to
biological data for combination in models with physical data. Plans call for a formal dedication
of the primary Central American SERVIR node in February 2005.
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PAM:

Activities and DSS tools under the PAM framework include: (1) the nongovernmental
organization NatureServe’s Vista DSS for resource managers and community planners, which
NASA is funding under a REASoN CAN award; (2) the Terrestrial Observation and Prediction
System (TOPS) tool of ARC, another recipient of a REASoN CAN award; (3) support for a joint
effort by domestic and international conservation organizations, the University of Maryland
Global Land Cover Facility, the United Nations Environment Programme (UNEP) and its World
Conservation Monitoring Centre (WCMC) to benchmark the effectiveness of remote sensing as a
monitoring tool for conservation under the auspices of the international Convention on
Biological Diversity; (4) signing an agreement with the NPS to foster the use of remote sensing
in its Inventory and Monitoring Program, as well as its educational activities; (5) drafting an
agreement with [IUCN-The World Conservation Union to integrate geospatial data into its global
environmental databases using tools such as the JPL-based Protected Area Archive; (6) making
NASA assets available to global forestry initiatives of the Administration (CBFP and the
President’s Initiative Against Illegal Logging); and (7) providing spacecraft imagery to users
measuring environmental change through time.

NatureServe is completing Version 1.0 of its Vista DSS and anticipates a release early in 2005.
Over the past year, funding support for Vista has risen through awards to NatureServe from other
U.S. Government agencies as well as a grant from the Doris Duke Charitable Foundation.
NatureServe, in conjunction with the U.S. Forest Service, has identified the Bridger Teton
National Forest as the first testbed for Vista under the NASA REASoON activity. If Vista
performs well at Bridger Teton, the likelihood of its being adopted as a planning tool for other
National Forests increases appreciably.

The TOPS activity at NASA ARC will focus its first DSS on fuel load modeling for the
Wildland Fire Assessment System operated by the National Interagency Fire Center in Boise, ID.

Agreements with NPS and The World Conservation Union are underway to support the PAM
project. The NPS agreement was completed in January 2005 and the agreement with The World
Conservation Union should be finalized in late 2005 or early 2006.

The Subsidiary Body on Scientific, Technical and Technological Advice (SBSTTA) of the
Convention on Biological Diversity (CBD) has asked the NASA/NGO Working Group to work
with the UNEP WCMC and the Food and Agriculture Organization of the United Nations on a
report regarding remote sensing-based indicators for assessing progress toward the CBD 2010
target. For reference, the World Summit on Sustainable Development in 2002 endorsed the call
“...to achieve by 2010 a significant reduction of the current rate of biodiversity loss....” This
goal is now known as the “2010 target.” NASA is working with a group of conservation
nongovernmental organizations (NGOs) to produce this international report by the end of 2005.
These NGOs are: The Nature Conservancy, Conservation International, World Wildlife Fund,
Wildlife Conservation Society, The Wilderness Society, the Conservation Biology Institute, the
American Museum of Natural History, the Smithsonian Institution’s Conservation and Research
Center, the UNEP Global Resource Information Database, and the University of Maryland
Global Land Cover Facility. Most of these organizations have ongoing observation programs in
and around protected areas throughout the world. This effort is essentially a “what works and
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what is still needed” analysis for protected areas. Through their on-the-ground connections to
protected area managers in the countries within which they work, the NGOs can communicate
the results of their efforts to managers and policy makers at home and abroad.

Further activities for 2005 include discussing the remote sensing requirements of the U.S. Fish
and Wildlife Service’s National Wildlife Refuge System with Fish and Wildlife officials. The
Refuge System is engaged in a conservation planning process to define priorities for future land
acquisitions.

MFF:

Making appropriate contacts at NOAA 1is a key first step in exploring the potential for NASA
research activities to improve NOAA models. These contacts did not materialize in 2004 but
hopefully 2005 will prove more productive in this regard.

B. Solicitations (current in FY2005)

The list below includes only applications activities and does not contain research activities being
funded under the Interdisciplinary Science in the NASA Earth Science Enterprise and EOS
solicitations, which are managed by the Program Scientist for Biological Diversity and leveraged
by the Ecological Forecasting Program Element. This list does not include those REASoN
activities funded by the Research Division.

1. SERVIR
Budget: $2,726,500 over 5 years (includes FY03), under the REASoN CAN
Lead Center: MSFC Principal Investigator (PI) is Tom Sever
Other Partners: University of Alabama, Huntsville & University Research Foundation
(URF)
Deliverable: Decision support system SERVIR for managing the MBC

2. NatureServe Decision Support Tool for Western Land Managers
Budget: $1,000,000 over 4 years (includes FY03), under the REASoN CAN
Lead Center: HQ PI is Dennis Grossman of NatureServe
Deliverable: Decision support tool for the Greater Yellowstone Area (GYA)

3. Enhancement of TOPS
Budget: $2,400,000 over 5 years (includes FY03), under the REASoN CAN
Lead Center: ARC PI is Keith Golden
Other Partners: University of Washington
Deliverable: Decision support tool for terrestrial vegetation & hydrology
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4. CBFP monitoring funding

Budget: $449,999 expected from USAID, believed to be multi-year funding but future
years’ funding contingent upon USAID decision

Lead: University of Maryland  PI is Chris Justice

Deliverable: Remote sensing-based monitoring system for the tropical forests of Central
Africa and capacity building under CBFP — part of the President’s Initiative Against
Illegal Logging

FY2005 Applied Sciences Decisions Solicitation (Ecological Forecasting
component)

Budget: level of support based on projects awarded, funding to begin in FY2005

Lead Center: HQ

Deliverable: First round of high-quality Ecological Forecasting proposals

C. Congressionally Directed Activities

There are no congressionally directed activities in the Ecological Forecasting Program Element
for FYO05.

D. Supporting Efforts

1.

Additional FTE for SERVIR to support remote sensing analysis and web-based

GIS

Budget: $130,000 for 3 years from Ecological Forecasting Program

Element funds

Lead Center: MSFC PI is Tom Sever or someone on his team

Deliverable: Ability to address additional, unforecasted work resulting from popularity of
SERVIR and additional demands on investigators’ time, also includes additional requests
from HQ

Project Manager for PAM

Budget: $142,000 for FYO05, rising in the out years, from Ecological Forecasting Program
Element funds

Lead Center: JPL PI is Gary Geller

Deliverable: 0.85% of his time for overall coordination and management of this element
of the program

Additional reporting for PAM and SERVIR

Budget: $35,000 for FY05-07 and $40,000 for FY08-09 from Ecological Forecasting
program element funds

Lead Center: GSFC PI is Tom Hood

Deliverable: Assistance with PAM and SERVIR Project Plans and evaluation,
verification, and benchmark (EVVB) reporting

Protected Area Archive
Budget: $375,000 over 5 years from Ecological Forecasting Program Element funds
Lead Center: JPL PI is Gary Geller
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Other Partners: World Conservation Union (IUCN), perhaps United Nations Educational,
Scientific and Cultural Organization (UNESCO), USAID and NPS

Deliverable: Web-based portal introducing parks & protected area managers to remote
sensing tools featuring their management areas

5. Project Manager for MFF
Budget: $73,000 in FYO0S, rising in the out years, from Ecological Forecasting Program
Element funds
Deliverable: Management of the project

6. Support for other EVVB Reports
Budget: $845,000 over 5 years ($25,000 in FY05) from Ecological Forecasting Program
Element funds
Deliverable: Reports for SERVIR, MFF, and help with PAM reports

7. Workshops and symposia
Budget: $80,000 in FY05 and $75,000 in FY06-09 from Ecological Forecasting Program
Element funds
Lead Center: HQ
Other Partners: National Council for Science and the Environment (NCSE), NPS, ARC,
Society for Conservation Biology (SCB), Ecological Society of America (ESA)
Deliverable: Environmental forecasting workshop, NPS indicator development
workshop, ecological modeling workshop, and outreach at major U.S. ecological
meetings

8. Heinz Center State of the Nation’s Ecosystem Report
Budget: $150,000 over 3 years from Eco